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Abstract 
Objective 



To attempt a reduction in the size and simplification of a system in which plasma 
processes a semiconductor wafer, for example, by a plasma that is obtained by applying high 
frequency power to a high frequency antenna. 



A high frequency antenna (6) made of a spiral coil is provided within an airtight chamber 
(2) which is made of a conductive material and is grounded. The inner surface and outer surface 
of this antenna (6) are constructed from a tubular member coated with a corrosion resisting 
material, a processing gas supply pipe (7) is connected at the external end, and gas discharge 
holes (71) are formed at the tubular member along the coil. It is not necessary to provide an 
additional shielding member outside because the chamber (2) is in a shielding member even 
though electric waves are generated from the high frequency antenna, and a reduction and 
simplification of the system can be attained because the antenna (6) also functions as the gas 
supply unit. 
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Claims 

1 . A plasma processing device in which a mounting table is provided within a chamber in 
an airtight structure, a processing gas is introduced into the aforementioned chamber and 
plasmatized, an object for processing on the mounting table is processed by that plasma, 

characterized by being equipped with: a high frequency antenna consisting of a flat coil, 
which is provided facing the aforementioned mounting table and within a chamber that is 
grounded and is made of a conductive material; 

and a high frequency power source unit for applying high frequency power to this high 
frequency antenna. 

2. A plasma processing device characterized by being equipped with: 

a high frequency antenna consisting of a flat coil that is provided facing a mounting table 
and within a chamber and formed of a conductive tubular member; 

a gas introducing measure which introduces processing gas into the inner space of the 
tubular member of the aforementioned high frequency antenna; 

processing gas outflow openings which are formed to communicate between the internal 
space of the tubular member of the aforementioned high frequency antenna and the outside of the 
tubular member; 

and a high frequency power source unit for applying high frequency power to the 
aforementioned high frequency antenna. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention concerns a plasma processing device. 
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[0002] 
Prior art 

In the processing progression for semiconductor wafers, dry etching is performed for the 
separation of capacitors and elements and for the formation of contact holes, for example. As 
representative conventional systems for performing this dry etching, parallel and flat type plasma 
processing devices are known. 

[0003] 

Figure 7 is a diagram showing a parallel and flat type plasma processing device. A 
mounting table (1 1), which also functions as a lower electrode, is arranged within an airtight 
chamber (1), and an upper electrode (12), which also functions as a gas supply unit, is arranged 
facing the above mounting table (1 1). (13) is an exhaust pipe. 

[0004] 

In a plasma processing device like this, a wafer W is first mounted on the mounting table 
(11), processing gas is introduced from the gas supply unit (12), high frequency power is applied 
between the electrodes (11) and (12) from a high frequency power source unit E, and plasma is 
generated, and the wafer W is etched by reactive ions in this plasma. 

[0005] 

However, the linear width of a pattern of a device is tending to become more and more 
microscopic. The pressure within the chamber when plasma is generated in the aforementioned 
device is 100 mtorr-1 torr, the mean free path of ions is small at such a high pressure, therefore, 
microscopic processing becomes difficult. The diameters of wafers are also increasing. When the 
mean free path of ions is small, high uniformity of plasma distribution cannot be secured when 
covering a wide surface, and there is also a problem that uniform processing of a wafer with a 
large diameter becomes difficult. 

[0006] 

Therefore, as described in recent European Patent Specification No. 379828 and the 
official report for Japanese Kokai Patent Application No. Hei 3[1991]-79025, a high frequency 
induction method has been examined, in which the upper face of the chamber (1) facing the 
mounting table (1 1) is constructed of an insulating material, such as quartz glass, for example, a 
flat coil is fixed at the outer side of this insulating materia], a high frequency current is brought 
into this coil and an electromagnetic field is formed within the chamber (1), and plasma is 
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formed by collision of electrons that flow within this electromagnetic field with neutral particles 
in a processing gas. 

[0007] 

Jn this method, an electric field in an almost concentric shape is induced according to the 
shape of the coil, there is a shielding effect of the plasma. Therefore, plasma can be generated at 
a significantly lower pressure than in a conventional parallel and flat type plasma processing 
device. As a result, the mean free path of ions in the generated plasma is large, and the etching 
process by this plasma is suitable for microscopic processing. Plasma diffuses from high density 
regions to low density regions, but the plasma density distribution is smooth because the mean 
free path of ions is large, the uniformity of the plasma on a surface which is parallel to the flat 
plasma surface is high, and the in-plane uniformity of plasma processing for wafers of large 
diameter improves. 

[0008] 

Problem to be solved by this invention 

In this manner, the high frequency induction method has received attention as a method 
which is suitable for reduced linear width of patterns and increased diameter of wafers, but it has 
several problems in practical use. One of them, for example, is the issue of an increase in the size 
and complexity of the system because the high frequency antenna is provided outside the 
chamber and electric wave interference occurs in the vicinity when high power is applied to the 
antenna; therefore, the high frequency antenna must be covered with a shielding member. Also, 
when the upper face of the chamber is constructed of quartz, and a high frequency antenna is 
mounted on top of it, the area which comes into contact with the antenna is locally heated when 
power is applied because the heat conductivity of the quartz is small, and as a result, a large heat 
stress is generated in the quartz, and cracks are formed, and there is a possibility that breakage of 
the chamber may accidentally occur. 

[0009] 

The objective of this invention, which was achieved while considering such 
circumstances, is to attain a reduction in the size of a system that processes objects by a plasma 
that is obtained through the application of high frequency power to a high frequency antenna 
made of a coil. 
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[0010] 

Means for solving the problem 

The invention in Claim 1 is characterized by a plasma processing device, in which a 
mounting table is provided within a chamber in an airtight structure, a processing gas is 
introduced into the aforementioned chamber and plasmatized, an object for processing on the 
mounting table is processed by that plasma, which [device] is equipped with: a high frequency 
antenna consisting of a flat coil, which is provided within a chamber that is grounded and made 
of a conductive material, and facing the aforementioned mounting table; and a high frequency 
power source unit for applying high frequency power to this high frequency antenna. 

[0011] 

The invention in Claim 2 is characterized by being equipped with: a high frequency 
antenna consisting of a flat coil that is provided within a chamber and faces the mounting table 
and is formed of a conductive tubular member; a gas introducing measure which introduces 
processing gas into the inner space of the tubular member of the aforementioned high frequency 
antenna; processing gas outflow openings which are formed in order to communicate between 
the internal space of the tubular member of the aforementioned high frequency antenna and the 
outside of the tubular member; and a high frequency power source unit for applying high 
frequency power to the aforementioned high frequency antenna. 

[0012] 

Operation of the invention 

Through the invention in Claim 1, the chamber also functions as a shielding member 
when a high frequency antenna is provided within the chamber and the chamber is grounded. 
Therefore, electric wave interference in the vicinity does not occur even when high frequency 
power is applied to the high frequency antenna, and a reduction in the size and simplification of 
the system are attained because it is not necessary to provide a high frequency antenna and 
shielding member outside the chamber. 

[0013] 

Also, through the invention in Claim 2, the high frequency antenna is constructed of a 
tubular member, and this tubular member is used as the supply unit of the processing gas. 
Therefore, the system is simplified, the gas supply openings can be formed within the plane of 
projection of the processing surface of a processing object, and as a result, the processing gas can 
be evenly supplied to the processing surface. 
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[0014] 

Application examples 

Figures 1 and 2 are a cross-sectional diagram of the entire structure and a disassembled 
abbreviated oblique diagram, which is partially cut away, of the plasma processing device, an 
etching device, for example, in an application example of this invention. In the figures, (2) is a 
chamber in an airtight structure, which is made of aluminum and grounded as well, and a 
mounting table (3), which is made of aluminum, for example, is arranged at the central bottom 
part of this chamber (2). 

[0015] 

The aforementioned mounting table (3) is constructed of a mounting part (31), which is 
the upper side part, and a supporting part (32), which is the lower side part that supports this 
mounting part (31), which are connected together in a separable manner by a bolt (33), and an 
insulating material (34) is included between the supporting part (32) and the chamber (2). An 
electrostatic chuck sheet (4) is provided at the upper face of the aforementioned mounting unit 
(31) in a manner in which it covers its upper face. This electrostatic chuck sheet (4) is 
constructed by covering a conductive film (41), which is an electrode for the electrostatic chuck 
sheet made of a copper foil, for example, with an insulating film (42) made of a polyimide film, 
for example, from both sides, and the conductive film (41) is electrically connected to a dc power 
source (43) at the outside of the chamber (2) through a switch (44). 

[0016] 

Multiple holes (51) for a back-side gas (gas for thermal conduction) which open at the 
upper edge to the upper surface of said mounting table (31) are formed at the aforementioned 
mounting area (31), and the lower edges of these holes (51) communicate with a gas supply 
passage (53) for the back-side gas through a ventilation chamber (52), for example. Also, holes 
(not shown in the figure) are formed in the aforementioned electrostatic chuck sheet (4) at 
positions corresponding to each of the holes (51) so that the back-side gas from the holes (51) is 
sprayed onto the back face of the wafer W through the holes in the electrostatic chuck sheet (4). 
The aforementioned gas supply passage (53) is connected to a gas supply source for such as He 
gas, for example, which is not shown in the diagram, through a pressure adjuster (54), such as a 
butterfly valve, for example. 

[0017] 

The aforementioned ventilation chamber (52) has a function to adjust variation from the 
pressure adjuster (54), a butterfly valve, for example, so that the pressure of the back-side gas, 
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which jets out towards the back face of the wafer W through the aforementioned holes (51), is set 
to a specific value, such as 10 ton*, for example, based on the pressure detection value of a 
pressure detecting unit (555) [sic; (55)] which detects the pressure of the back-side gas. 

[0018] 

A ring shaped focus ring (21), which surrounds the wafer W, is arranged over the 
aforementioned mounting part (31). This focus ring (21) is constructed of an insulating material 
that does not attract reactive ions, and has the role of effectively pulling reactive ions inside 
towards the wafer W. 

[0019] 

A cooling tank (35) which circulates a cooling medium for cooling the wafer W through 
the mounting table (3) is formed inside the aforementioned supporting unit (32), and an 
introduction pipe (36A) and a discharge pipe (36B) are provided to this. The cooling medium, 
such as liquid nitrogen, for example, which is supplied into the cooling tank (35) through the 
introduction pipe (36A) is discharged to the outside of the device through the discharge pipe 
(36B). 

[0020] 

A high frequency antenna (6) made of a flat coil, such as a spiral coil, for example, is 
fixed and provided at the chamber (2) near the upper face within the aforementioned chamber (2) 
facing the mounting table (2) [sic; (3)] by a fixing member (23) (refer to Figure 2) made of an 
insulating material, such as fluororesin, for example. This high frequency antenna (6) is 
constructed of a tubular member using a conductive material, such as aluminum, for example, 
and its outer circumferential surface and inner circumferential surface are coated with a 
corrosion resisting material, such as aluminum oxide, for example, in order to prevent corrosion 
from the processing gas. 

[0021] 

One end of the gas supply pipe (7) is connected to the outer end of the high frequency 
antenna (6) to supply processing gas to the high frequency antenna (6), which is the internal 
space of the tubular member, and a supply source of processing gas, which is not shown in the 
diagram, such as CHF3, and CF 4 , for example, for etch processing is connected to the other end 
of this gas supply pipe (7). Outflow openings for the processing gas, such as discharge holes of 
the gas (71), for example, which communicate between the internal space of the tubular member 
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and the outside (the space within the chamber (2)) are formed along the coil at the lower face of 
the aforementioned high frequency antenna (6), as shown in Figure 3. 

[0022] 

High frequency voltage, 13.56 MHz at 1 kW, for example, is applied between the 
terminals of the aforementioned high frequency antenna (6) (inner side terminal and outer side 
terminal) from a high frequency power source unit (61) for the generation of plasma through a 
matching circuit (62). Through this, a high frequency current flows into the antenna (6), and a 
plasma is formed in the space immediately below the antenna (6), as will be described later. 

[0023] 

A cooling measure, such as a cooling plate (8), for example, for cooling this high 
frequency antenna (6) is provided at the upper face of the aforementioned high frequency 
antenna (6). This cooling plate (8) is constructed by a cooling pipe (81), for example, so that a 
coolant, such as cooling water, for example, circulates inside. By cooling the high frequency 
antenna (6) in this manner, there is the advantage of preventing a separation of the corrosion 
resisting material resulting from the difference in heat expansion between the material of the 
antenna and the corrosion resisting material at the outer circumferential surface. 

[0024] 

A high frequency power source unit (22) is connected between the aforementioned 
mounting table (3) and the ground in order to provide a bias voltage at a frequency of 400 kHz, 
for example, to said mounting table (3), which [frequency] is lower than the frequency of the 
high frequency voltage which is applied to the high frequency antenna (6). Then, the chamber (2) 
is connected to the ground, an electric field is formed between the mounting table (3) and the 
chamber (2), and as a result, the verticality of the reactive ions in the plasma within the chamber 
(2) with respect to the wafer W increases. 

[0025] 

One end of a number of exhaust pipes (24) are connected to positions at equal spacing in 
the circumferential direction of the chamber (2) at the bottom face of the aforementioned 
chamber (2). The ends of 2 exhaust pipes (24) on one side are connected symmetrically to the 
axis of the chamber (2) in the illustrated example. The other end of these exhaust pipes (24) is 
connected to a commonly used exhaust pipe (27) including a pressure adjuster (25), such as a 
butterfly valve, for example, and a vacuum pump (26), as indicated in Figure 2. The exhaust 
system in this application example is constructed so that an exhaust controller (29) adjusts the 
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pressure adjuster (25) based on a pressure detection value from the pressure detection unit (28) 
provided within the chamber (2) so as to obtain a gradual exhausting at the beginning of the 
vacuum suction so that particles are not lifted up or so as to obtain a rapid exhausting after 
vacuum suctioning to a certain level, for example. 

[0026] 

The function of the aforementioned application example will be explained next. First, a 
processing object, such as a wafer W, for example, is first conveyed into the chamber (2) by a 
conveying arm, which is not shown in a diagram, and it is mounted over the electrostatic chuck 
sheet (4). Then, a specific vacuum atmosphere is vacuum exhausted by a vacuum pump (26) 
through exhaust pipes (24), and a level of vacuum of several mtorr to several 10 mtorr, for 
example, is maintained within the chamber (2) through vacuum exhaustion through the exhaust 
pipes (24) while supplying an etching gas such as CF 4 gas, for example, into the chamber (2) 
from the gas supply pipe (7) through the discharge holes (71) through the internal space of the 
high frequency antenna (6), and a high frequency voltage is applied to the high frequency 
antenna (6) from the high frequency power source unit (61). When a high frequency current 
flows into the high frequency antenna (6) through the application of this high frequency voltage, 
an alternating magnetic field is generated around the antenna conductor and much of the 
magnetic flux forms a closed loop in a vertical direction in the central area of the antenna. An 
alternating electric field in a circumferential direction is induced into a nearly concentric shape 
right below the antenna (6) through such an alternating magnetic field, electrons that are 
accelerated in the direction of the circumference by this alternating magnetic field collide with 
the neutral particles of the processing gas, the gas undergoes electrolytic dissociation, and a 
plasma is formed. The surface of the wafer W is etched by reactive ions within the plasma 
generated in this manner. 

[0027] 

When high frequency power is applied to the high frequency antenna (6) in this manner, 
electric waves spread into the surroundings; however, because the chamber (2) is made of an 
aluminum material and grounded, a shield is provided by this chamber (2); therefore, there is no 
possibility for electric wave interference by the system to the surroundings. Then, a reduction in 
the size of the system can be attained corresponding to the amount that the high frequency 
antenna (6) does not exist outside of the chamber (2). It is particularly beneficial regarding the 
fact that when the high frequency antenna (6) is provided outside, and a shielding member is 
arranged outside chamber (2), the outer wall surface of the chamber (2) is processed. However, 
when the chamber (2) is used as the shielding member, such processing becomes unnecessary, 



]] 

arid a reduction in the size and simplification of the system can be attained because the shielding 
member is not arranged outside the chamber (2). 

[0028] 

The high frequency antenna functions also as the processing gas introduction unit; 
therefore, the structure is more simplified than when arranging the processing gas supply unit 
additional to the high frequency antenna, for example, along its outer circumferential area. By 
forming the discharge holes (71) of the processing gas along the circumference of the coil, they 
overlap with the plane of projection of the wafer W over the mounting table (3), and moreover, 
the discharge holes (71) are arranged in a coil shape, so the supply of the processing gas onto the 
surface of the wafer W can be attained with high uniformity, and uniform plasma processing can 
be obtained. The discharge holes of the gas may be slits instead of holes. Furthermore, the high 
frequency antenna (6) is cooled from within by the conduction of the processing gas, so the 
separation of the corrosion resisting material which is adhered to the inner circumferential 
surface and the outer circumferential surface of the high frequency antenna (6) can be prevented 
through that cooling effect. 

[0029] 

Figures 4 and 5 indicate other application examples of this invention. In the application 
example in Figure 4, a ring shaped projection wall (72b) is formed at the lower circumferential 
edge of a cylindrical unit (72a), its inner space is used as a ventilation chamber, and many 
discharge holes (73) of the processing gas are formed at the lower edge circular surface in the 
circumferential direction, so that the processing gas supply unit is constructed. This processing 
gas supply unit communicates with a gas mixing chamber (74), and several gas supply pipes (75) 
(2 in the example in the illustration) are connected to the gas mixing chamber (74). A high 
frequency antenna (6) is mounted and arranged over a cooling plate (8) at the inner side of the 
ring shaped projecting wall (72b). In such a structure, several types of processing gases are 
mixed together in the gas mixing chamber (74), and a processing gas with uniform composition 
can be supplied to the surface of the wafer W. As the material of the processing gas supply unit, 
alumina type ceramics and SiC, for example, can be satisfactorily used. The former material is 
not easily etched by halogen gases, and the latter material, although etched, does not negatively 
affect the wafer because it is a silicon type component. 

[0030] 

In the application example in Figure 5, the processing gas supply unit is constructed of a 
cylindrical member (77) equipped with many gas discharge holes (76) at the lower face, and a 
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high frequency antenna (6) is provided inside this. A cooling plate (8) which cools the high 
frequency antenna (6) is indicated in the examples in Figures 4 and 5, but it is not necessarily 
required. When providing a high frequency antenna within a chamber, the high frequency 
antenna may be covered by a container of an insulating and corrosion resisting material, or the 
space near the upper face of the chamber can be partitioned by a partition plate (9) made of 
ceramic, for example, as shown in Figure 6, and the high frequency antenna (6) may be mounted 
over it. 

[0031] 

In the above, an example of etch processing was explained for the plasma processing, but 
this invention can be applied to other plasma processing devices such as a plasma CVD device, a 
plasma ashing device, and a plasma sputtering device, for example. The processing object is not 
limited to semiconductor wafers, and LCD substrates, for example, may also be used. 

[0032] 

Effect of the invention 

Through the invention in Claim 1 , the chamber also functions as a shielding member 
when a high frequency antenna is provided within the chamber and the chamber is grounded. 
Therefore, electric wave interference in the surroundings does not occur even when high 
frequency power is applied to the high frequency antenna, and a reduction in the size and 
simplification of the system are attained because it is not necessary to provide a high frequency 
antenna and a shielding member outside the chamber. 

[0033] 

Also, through the invention in Claim 2, the high frequency antenna is constructed of a 
tubular member, and this tubular member is used as the supply unit of the processing gas. 
Therefore, the system is simplified, gas supply openings can be formed within the plane of 
projection of the processing surface of a processing object, and as a result, the processing gas can 
be evenly supplied to the processing surface. 

Brief description of the figures 

Figure 1 is a cross-sectional diagram showing the entire structure of an application 
example of this invention. 

Figure 2 is a disassembled abbreviated oblique diagram showing an abbreviated entire 
structure of an application example of this invention. 

Figure 3 is a lower side diagram showing a high frequency antenna. 
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Figure 4 is a cross-sectional diagram showing a part of another application example of 
this invention. 

Figure 5 is a cross-sectional diagram showing a part of another application example of 
this invention. 

Figure 6 is a cross-sectional diagram showing a part of another application example of 
this invention. 

Figure 7 is a cross-sectional diagram showing a conventional example of a plasma 
processing device. 

Explanation of numbers 

2 Chamber 

3 Mounting table 

4 Electrostatic chuck sheet 
35 Cooling tank 

6 High frequency antenna 

7 Gas supply pipe 

53 Back side gas supply pipe 

61 High frequency power source unit 

71 ,73 Gas discharge holes 

74 Gas mixing chamber. 
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